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A method is p roposed  to analyze the t h e r m a l  p r o p e r t i e s  of fluids and the i r  m i x t u r e s ,  which is  
based  on using the effect ive potent ia l  (12,6) with var iab le  potential  p a r a m e t e r s  in conjunction 
with the equation of s tate  for  a ce l lu la r  model .  

As is known, the following bas i c  a s sumpt ions  a re  used in ce l lu la r  theory:  a single par t ic le  f i l ls  the ce l l s  
fo rming  the quas ic rys ta l l ine  fluid s t r u c t u r e ,  the ene rgy  of in teract ion between the molecule  se lec ted  and all the 
r e s t  is r ep laced  by a se l f - cons i s t en t  f ield,  and the re  is no in te rac t ion  between ce l l s .  

In this nmdel the s ta t i s t i ca l  in tegra l  Z N can be wri t ten in the f o r m  

ZN ~- ZN 

z = v] exp 2kT (2~mkT)'/~ ' 

v , :  ~exp  [ E~)--E(O)  kv ] dT. 
A 

(a) 

(2) 

The main  difficulty in using (1) to obtain the equation of s tate  is the evaluation of the " f ree  volume" v f .  
The integrat ion in (2) is  p e r f o r m e d  with r e s p e c t  to the whole cell  vo lume,  and in pr inciple  it can be p e r f o r m e d  

if the molecule  ene rgy  E (r) is known. One of the methods to de te rmine  E (r),  p roposed  by F renke l  [2], is  to 

rep lace  E(r) by a ce r ta in  mean value • de te rmined  f rom the condition 

kT J' 
A 

where X(v) is a function of the cell  volume v (v = V/N).  

Let  us note that this a s sumpt ion  is  sufficiently r igorous  if the configurat ion of the potential  field within 
the cell  [2] i s  taken into account for  dens i t ies  cor responding  to the fluid d e n s i t y .  

The function )t(v) for  the I_ennard-Jones potent ial  (m, n) has  the fo rm 

x(v) v~ ~ ~ = ~ ,  ~ =  , 

which, in conformi ty  with [2], r e s u l t s  in the equation of s tate  

kT c~ dv 
P = + --~)V-[-1 ~ (3 )  U U ~-}1 

F o r  the. potent ia l  (12,6) la = 2, v = 4 and the equation b e c o m e s  

N k T <z ~5 
P v v 3 ~- - -  (~ = 2cN3' ~ = 4dN~)' (4) 

(5) 

Since c~ and fl a r e  cons tants ,  then (4) is  not suitable for  a c o r r e c t  descr ip t ion of the t e m p e r a t u r e  dependence of 
the fluid p r o p e r t i e s ,  while the density dependence is theore t ica l ly  founded. To e l iminate  the ment ioned 
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d i sadvan tage ,  it should evident ly  be a s s u m e d  that  c~ and fi a re  funct ions  of the t e m p e r a t u r e .  This can be 
ach ieved  in a na tu r a l  way if the ef fec t ive  potent ia l  with t e m p e r a t u r e - d e p e n d e n t  p a r a m e t e r s  e and e a re  used  
in (5). 

To e l imina te  the s t r u c t u r e  of the p ropo r t i ona l i t y  f a c t o r s  in (5), let  us wri te  the re la t ionsh ip  

= N V____~2 (~a, - 4zNe, (6) 

where  ~ is the coord ina t ion  n u m b e r  and T is  a s t r u c t u r a l  f a c t o r  c h a r a c t e r i z i n g  the cel l  g e o m e t r y  and i ts  a s s o -  
c ia ted  votume v, and the spac ings  be tween the n e a r e s t  n e i g h b o r s  a a r e  r e l a t e d  by  7v = a~. 

It is  e a s y  to obtain (6) if a cel l  is  c o n s i d e r e d  in which a = Re.  In fac t ,  in this  case  the ce l l  volume and 
e n e r g y  E equal ,  r e s p e c t i v e l y ,  v = P ~ / 7  = v~o3/T and E = ~e, but  f o r  one mole  of fluid v = Ng-2ea/T and EN = 
~Ne. Since the in t e rac t ion  f o r c e s  be tween  m o l e c u l e s  a re  z e r o  fo r  a = Re,  the f luid s y s t e m  under  c o n s i d e r a -  
t ion then c o n s i s t s  of non i n t e r a c t i ng  p a r t i c l e s ,  and i ts  volume is the i d e a l - g a s  volume of the f luid (v = Vid = 
RT/p ) .  On the o t h e r  hand,  Vid = ~ on the b a s i s  of (4), and we a r r i v e  at the f i r s t  of r e l a t ionsh ips  (6). Now, 
if the e n e r g y  of the whole s y s t e m  is ca l cu la t ed ,  then it will  equal  N)t(v) = 1/da2/fi. (It is  h e r e  t aken  into 
account  tha t  the m e a n  value of the molecu le  e n e r g y  c o r r e s p o n d s  to i ts  pos i t ion  at the cel l  c en t e r  in the case  
unde r  cons ide ra t ion . )  We t h e r e f o r e  obtain  l/~a2/fl = Nze,  i . e . ,  the second  re la t ionsh ip  in (6). It is  e a s y  to 
see that  the p ropo r t i ona l i t y  f a c t o r s  in (6), and t h e r e f o r e  in (5) as  wel l ,  a r e  un ive r sa l  quant i t i es .  In fac t ,  7 = 
idem and ~ = idem fo r  the la t t ice  type s e l ec t ed  (e .g . ,  7 = g-2-and z = 12 fo r  a fcc la t t ice) .  Hence ,  without  
y ie ld ing  p r e f e r e n c e  to any type of l a t t i ce ,  it can be c o n s i d e r e d  that  the p ropor t i ona l i t y  f a c t o r s  in (5) a re  c o m -  
mon  to all  s u b s t a n c e s .  

An ana lys i s  of (6) shows that  the dependence  of a and fi on the t e m p e r a t u r e  is due to the fol lowing f a c t o r s .  

1. The inadequacy  of the ac tual  p a i r w i s e  i n t r a m o l e c u l a r  potent ia l  to the L e n n a r d - J o n e s  potent ia l  (12, 6) 
(even fo r  such  a s imple  subs tance  as  A r  [3]). As has  been  shown e a r l i e r  in inves t iga t ions  of the p r o p e r t i e s  of 
g a s e s  [4-7],  this  r e s u l t s  in a t e m p e r a t u r e  dependence  of the model  potent ia l  p a r a m e t e r s  e and •. 

2. S t ruc tu r a l  changes  taking p lace  in the fluid with the change in t e m p e r a t u r e ,  and consequen t ly ,  to the 
t e m p e r a t u r e  dependence  of z and T. F o r  i n s t ance ,  as  the t e m p e r a t u r e  changes  f r o m  84.9 to 124.2~ fo r  Ar  
the ~ v a r i e s  be tween  12.2 [8] and 6.1 [9], and a c c o r d i n g  to the data  in [10], be tween 12.7 and 11.5. 

T h e r e f o r e ,  the quant i t ies  in the l e f t -hand  side of (6) and, t h e r e f o r e ,  the coef f i c ien t s  of (4) are  funct ions  
of  the t e m p e r a t u r e .  D e s i r i n g  to c o n s e r v e  the un ive r sa l  na tu r e  of the p ropor t i ona l i t y  f a c t o r s  in (5) and taking 
accoun t  of the d i f f icu l t ies  in d e t e r m i n i n g  the t e m p e r a t u r e  dependences  of ~ and ~ ,  we c o n s i d e r  them cons tan t ,  
and we hence  Obtain 

/ p  (r) ~- (V) (87) 
- ~ - - M ~  3(T), ~(T) - - L  k ' (7) 

where  M and L a r e  c o m m o n  cons tan t s  f o r  all  the s u b s t a n c e s .  

T h e r e f o r e ,  it is  a s s u m e d  in c o n f o r m i t y  with (7) that  not  only the in tens i ty  of the i n t r a m o l e c u l a r  i n t e r -  
act ion but  a lso  the change in f luid s t r u c t u r e  will  be d e t e r m i n e d  by the t e m p e r a t u r e  dependence  of e and e. 

L i t e r a t u r e  data  fo r  the p a r a m e t e r s  e and e of the L e n n a r d - J o n e s  potent ia l  (12,6) and t e s t  pvT  data  fo r  
d i f fe ren t  f luids can be used  to d e t e r m i n e  the va lues  of the un ive r sa l  cons tan t s  M and L.  F o r  i n s t ance ,  taking 
the s t a n d a r d  va lues  (~ = 3.405 ~ and e /k  = 119.8~ fo r  A r  and us ing  the pvT  data  on the c r i t i c a l  i s o t h e r m  to find 

and ~ by m e a n s  of (4) ,  we obtain 

M = 0.8606, L = 31.1562. (8) 

Ca lcu la t ions  of the cons tan t s  M and L on the b a s i s  of data  f o r  Ne, Kr ,  Xe,  and CH 4 r e s u l t  in quite s i m i l a r  r e -  
su i t s .  Hence ,  as  b e f o r e ,  the m o s t  conf ident  va lues  of the potent ia l  p a r a m e t e r s  and the pvT  data  on the c r i t i c a l  
i s o t h e r m  of the subs t ances  men t ioned  have been  used .  The se lec t ion  of the c r i t i c a l  i s o t h e r m  is p r e f e r ab l e  as  
c o m p a r e d  to o t h e r s  s ince  it is  a na t u r a l  bounda ry  fo r  the domain  of ex i s tence  of the fluid. 

Thus ,  by us ing (8), (7), (5), and (4), we f inal ly  a r r i v e  at the equat ion of s tate  

po -- 1 - -  1 744 e -"~ 0.4654 k--V--/ j (9) 
NkT kT 

963 



Let  us note  tha t  the s p e c i f i c  t e m p e r a t u r e  de pe nde nc e  of e and u i s  d e t e r m i n e d  f r o m  the condi t ion  of b e s t  
c o m p l i a n c e  wi th  tim p v T  t e s t  da t a  fo r  the f lu id  u n d e r  i n v e s t i g a t i o n  (by a c o m p a r a t i v e l y  s i m p l e  m e t h o d  which  
we do not  e x a m i n e  h e r e ) .  

The p r i n c i p l e  of the u n i v e r s a l i t y  of an e f f ec t i ve  p o t e n t i a l  a f f o r d s  the p o s s i b i l i t y  of us ing  (9) fo r  any 
f l u i d s ,  s t a r t i n g  f r o m  s i m p l e  and end ing  wi th  c o m p l e x  p o l a r s .  

We v e r i f i e d  the s u i t a b i l i t y  of the equa t ion  of s t a t e  (9) wi th  t e m p e r a t u r e - d e p e n d e n t  e and (~ to d e s c r i b e  the 
p v T  p r o p e r t i e s  of p u r e  f lu ids  in e x t e n s i v e  e x p e r i m e n t a l  m a t e r i a l .  The v e r i f i c a t i o n ,  p e r f o r m e d  on such  f lu ids  

as Ar, Kr, N2, 02, CH4, C2H 6, H20, CH40, C2H60, etc., showed that in complete conformity with the ac- 
cepted physical model the equation of state (9) with o(T) and e(T) determined from pvT test data describes the 
thermal properties of all the systems listed above with a 0.1-0.2% error in the density in the temperature 
range Ttr < T < Ter and density range of 1.8Pc r and higher (e.g., for H20 6pay ~ 0.05%, 6Pma x = 0.15%). 

Analysis of the results of the comparison on many substances permits the assertion that (9) does not 
yield to the best precision equations of state and can be recommended for the computation of the thermo- 
dynamic properties of fluids. However, in comparison with empirical equations of state it has the advantage 
that it has a theoretical basis and the parameters of this equation have a specific physical meaning. 

In this connection, we recommend it for the investigation of fluid mixtures and the prediction of their 
properties according to the data of the pure components. For this purpose it is convenient to use the results 
of the theory of eonformal solutions since the form of the dual potential is taken identical for all fluids and 
agree s with the I~nnard- Jones (12, 6) potential at a fixed temperature. A s has been shown in [I 1], within the 
framework of the theory of conformal solutions, the single-fluid approximation is best which establishes the 
following relation between the potential parameters of the pure fluids and the solution they form in a general 
way:  

= ) 2  (10) 
j 

H e r e  f i s  s o m e  funct ion  of the p o t e n t i a l  p a r a m e t e r s  whose  s p e c i f i c  f o r m  i s  d e t e r m i n e d  by  the m o d e l  t aken  fo r  
the  so lu t ion .  It i s  e a s y  to s e e  tha t  the known V a n d e r  W a a l s  c o m b i n a t i o n  r u l e s  a r e  a p a r t i c u l a r  e a s e  of (10). 
In o u r  c a s e  two s e t s  of c o m b i n a t i o n  r u l e s  a r e  b e s t  ( this w a s  e s t a b l i s h e d  f r o m  e x t e n s i v e  e x p e r i m e n t a l  m a t e r i a l ) :  

i i i j 

i i i i 

eij = (eiieji)'/2, (~; = 1/2((~i -~ (~ii), (12) 

which  p e r m i t  the p r e d i c t i o n  of a d e p e n d e n c e  of the t h e r m a l  p r o p e r t i e s  of a b i n a r y  f lu id  s y s t e m  on the t e m p e r a -  
t u r e ,  p r e s s u r e ,  and c o m p o s i t i o n  wi th  a m e a n  e r r o r  of 0 .5-0.7% in the d e n s i t y  and 5Pma x = 1.5%, Such c o m -  
p l e x  s y s t e m s  a s  m e t h y l  a l c o h o l - w a t e r  and e thy l  a l c o h o l -  w a t e r  w e r e  m o r e o v e r  d e s c r i b e d  with  such  a m a x i -  
m a l  e r r o r .  The m a x i m u m  e r r o r  was  l o w e r  f o r  s y s t e m s  c o n s i s t i n g  of m o l e c u l e s  wi th  low o r  z e r o  d ipo le  

�9 m o m e n t ,  and d id  no t  r e a c h  1% in the  m a j o r i t y  of c a s e s .  

The c o m b i n a t i o n  r u l e s  (11) and (12) w e r e  t e s t e d  in such m i x t u r e s  as  A r -  K r ,  A t -  CH 4, G 2 -  N 2, A r -  0 2, 
CH 4- CF4, CF 4- C3H6, C2H 6- C3H6, CH 4- C3H6, H20- CH40 , H20- C2H6O which contain components of dif- 
ferent molecular complexity, where the volume effects of the mixing were described correctly. 

Results of comparing the computed and test data on the mixing volumes and densities of certain fluid 
mixtures, which confirm the reliability of the method proposed, are represented selectively in Figs. 1 and 2 
and Table I. 

Let us mention that (11) must be used for mixtures with a negative mixing volume, and (12) for mixtures 
with a positive volume. We have proposed a criterion by which the combination rules (11) or (12) should be 
selected for any fluid mixture, which results from the following considerations. 

On the basis of (9), the so-called zero volume v 0 corresponding to the pressure p = 0 (for a fixed tem- 
perature T) can be calculated easily. By determining it for the component fluids (Voi) and for the solution of 
given composition (v o) [taking (11) and (12) into account], the excess volume at zero pressure can be calculated 
without  d i f f i cu l ty  and i t s  s ign  can be  d e t e r m i n e d  (v E = v 0 - ~v0ixi  ). It  i s  e s t a b l i s h e d  tha t  v0 E ~ 0 fo r  (11) a l -  
w a y s ,  whi le  e i t h e r  v E -< 0 o r  v0 E > 0 can hold  fo r  (12). 
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Fig. i. Mixing volume v, cm3/mole, of system CH 4- CF 4 
at T = I06.7~ points are the test data [15] and the curve 
is the computation. 

Fig. 2. Mixing volume of H20-  CHaOH for T, ~ I) 323.15; 
If) 423.15; I,  2) test data [13]; 3) computation. 

The recommended  cr i ter ion is cha rac te r i zed  by the fact that we evaluate v0 E for  a given tempera ture  Tby  
using (12). If v E < 0 here ,  then the combination rule (11) shouldbe used as being most  exact.  If v0 E > 0, then 
(12) should be used [both relat ionships (11) and (12) yield identical resul ts  for v E ~ 0]. 

D i s c u s s i o n  of  t h e  R e s u l t s  

Despite the  fact that the dependence of the pa rame te r s  e and ~ on the temperature  is conditional, it can 
yield a cer tain representa t ion about the change in fluid s t ructure  and in the nature of the in t ramolecular  inter-  
action. 

Curves of e and o are presented  in Fig.  3a for Ar found from pvT test  data. It is seen that the pa r am-  
e te r  e grows abruptly as the tempera ture  diminishes,  becoming more  than double on approaching the triple 
point. According to the model being used, such a his tory of e(T) should indicate not only a more intense in t ra-  
molecular  interact ion,  but also a magnitude of the coordination number  charac te r iz ing  the neares t  neighborhood 
of the molecules  which (the number  ~) inc reases  with the reduction in tempera ture .  Moreover ,  f rom the re la -  
tionship F = - ( d U L _ j / d r ) r =  a = 24e/~ and the nature of the change in e and ~ it is seen that the interaction force 
F increases  abruptly with the diminution in the t empera ture ,  which indicates the predominating effect of the 
repulsion between molecules  in the fluid as the tr iple point is approached (the melting point). This agrees  with 
the principal  assumption of the lattice model ,  that each molecule is maintained within a small volume by repul-  
sive forces  f rom their  neighbors,  Such an assumption becomes  all the more  valid with the approach to the 
fluid triple point. 

The graph presented is typical for  ordinary fluids. However,  the anomalous behavior  of the dependence 
e(T) (Fig. 313) is observed for water .  As the tempera ture  r i ses  f rom 0 ~ growth of the pa rame te r  e is ob- 
served.  This should resul t  in growth of the coordination number  z and, in the long run, of the fluid density. 
One of the fac tors  specifying such a behavior  is apparently the anomalous dependence of the water  density on 
the tempera ture  near  4~ 

Let us note an interest ing pecul iar i ty  of the equation of state (9). The relationship 

Vid = 0.6822 b 0 (13) 

TABLE 1. Comparison of Computed and Test Data [12J of the Molar 
Volume v (cm3/mole) of the System A r - K r  for XAr = 0.491 

T ~ 1 1 9 , 9 8  ~  T ~ 1 4 1 , 5 8  o K 

'atm 

9,4 
98,8 

198,3 
457,4 

v $r  

33,91 
33,14 
32,45 
31,13 

~compl 

33,97 
33,24 
32,55 
31,23 

~, % 

0,18 
0,30 
0,31 
0,32 

Palm 

30,5 
100,4 
199,6 
298,9 

v t g S t  

37,58 
36,35 
35,10 
34,18 

~cornpi 6, % 

37,42 --0,42 
36,33 --0,08 
35,18 0,23 
34,23 0.15 
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Fig.  3. Dependence of the p a r a m e t e r s  e /k ,  ~K, and a, t on 
the t empera tu re :  a) for  At,  found f rom tabulated data [16]; 
b) fo r  water ,  found f rom tabulated data [17]. 

�9 resulting from (9) should be satisfied at all points of the ideal gas curve corresponding to the fluid domain (for 
which p = RT/v). 

Hence, the parameter b 0 (or ~3) can be given a macroscopic (thermodynamic) meaning by interpreting it 
as a quantity proportional to the ideal-gas volume of the fluid. It is known that the density Pid along the ideal 
gas curve is a function of just the temperature (one parameter). This can be an additional foundation for the 
introduction of a temperature dependence for the parameter a. Let us note that the fluid density Pid, evaluated 
for all the substances we investigated in conformity with (13), will reproduce the ideal gas curve Pid = p(T), 
found by means of (tabulated) thermal test data for different substances [14], with an error of 5p = 0.1-0.3%. 
This result indicates the correct temperature history of the parameter ~. 

In connection with the above, it is pertinent to touch upon the question of the possible dependence of the 
parameters o and e on the density. Within the framework of the model used, when the assumption about the 
dual nature of the multiparticle interaction is basic, such a possibility is excluded. This is explained by the 
fact that in going over to the equation of state in conformity with the formula p = kT(3ln ZN/~V) T, the param- 
eters (~ and e are not differentiated with respect to v. Hence, they can depend only on T for pure fluids, or on 
(T, x) for mixtures, but not on the state parameter v. 

At the same time, we arrive at unique results if we evaluate the internal energy, entropy, and other 
caloric functions [by the statistical sum method or on the basis of the equation of state (9)], hence allowing 
differentiation of the parameters (~ and e with respect to temperature. 

The above elucidation is for any theory in which an assumption is made about the dual additivity of the 
multiparticle interaction energy. If this assumption is not made, then the effective potential of the multi- 
particle interaction can depend on both the temperature and the density. 

NOTATION 

p, p r e s s u r e ,  MPa; v,  T,  volume and t empera tu re ;  T t r ,  t r ip le-point  t empera tu re ;  Tc r ,  c r i t i c a l  t em-  
pe ra tu re ;  UL_ J ,  Lennard-Jones  potential  (12,6) e, a, Re, potential  p a r a m e t e r s ;  b 0 = (2/3)vN03; N, Avo- 
gadro ' s  number ;  m,  molecule mass ;  h, Planck 's  constant;  k, Bo l t zmann  constant; r;distm'~ee f rom thei 
cen ter  of the cel l ;  x i ,  mola r  f ract ion of the i - th  component.  

1. 
2. 
3. 

4. 
5. 

6. 

7. 
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INVESTIGATION OF THERMAL CONDUCTIVITY OF LIQUID 

FORMATES AT HIGH TEMPERATURES AND PRESSURES 

R. A. Mustafaev and T. P. Musaev UDC 536.6 

Exper imen ta l  data on the t h e r m a l  conductivity of butyl fo rma te  and octyl fo rma te  in a wide range 
of t e m p e r a t u r e s  and p r e s s u r e s  a re  given.  

The expe r imen ta l  investigation of the t he rma l  conductivity of liquids at high t e m p e r a t u r e s  and p r e s s u r e s  
involves cons iderable  technical  diff icult ies .  The conduction of invest igat ions at high p r e s s u r e s  and high t e m -  
p e r a t u r e s  neces s i t a t e s  the design of spec ia l  and complex appara tus .  

The data in [1] mainly  c h a r a c t e r i z e  the t e m p e r a t u r e  dependence of the t he rma l  conductivity of fo rma te s  
at a tmospher i c  p r e s s u r e .  It is only in r ecen t  t ime that invest igat ions of the t he rma l  conductivity of fo rma te s  
in re la t ion  to t e m p e r a t u r e  and p r e s s u r e  have been under taken.  In [2], e . g . ,  the r e su l t s  of m e a s u r e m e n t  of 
the t he rma l  conductivity of f o r m a t e s  in re la t ion  to t e m p e r a t u r e  at re la t ive ly  low p r e s s u r e s  (1-49 MPa) are  
given. 

In the p r e sen t  pape r ,  which r e p r e s e n t s  the continuation of previous  r e sea rc l l  [3-9], we give the r e su l t s  
of an expe r imen ta l  invest igat ion of the t he rm a l  conductivity of butyl and oetyl f o rma te s  at t e m p e r a t u r e s  f rom 
room to 620~ and p r e s s u r e s  up to 147 MPa.  The m e a s u r e m e n t s  were  made by the steady heating method on 
a newly designed vers ion  of a cyl indr ical  b i c a l o r i m e t e r .  

The theory of the method and the m e a s u r e m e n t  p rocedure  are  descr ibed  in detail  in [6, 91. 

The b i c a l o r i m e t e r  cons is t s  of two coaxial  cy l inders .  The gap between the cyl inders  is filled with the 
liquid under  invest igat ion.  The inner cy l inder  (core) is made of M1 copper .  The working su r faces  of the core  
a re  thoroughly ground,  ch rom e-p l a t ed ,  and polished.  The outer  cyl inder  is a m a s s i v e  copper  block,  into 
which a tube of 1Khl8N9T s ta in less  s teel  is p r e s s e d .  As dist inct  f rom the previous  design [61, lens seal ing 
was used to mainta in  the high p r e s s u r e .  

The main  dimensions  of the b i c a l o r i m e t e r  a re :  inner  d i a m e t e r  of copper  block 9.99 • 0.01 m m ,  d i ame te r  
of copper  core  9.010 • 0.002 m m ,  length of m e a s u r i n g  section 80 m m .  

The expe r imen ta l  de terminat ion  of t he rma l  conductivity reduces  to m e a s u r e m e n t  of the t ime lag of the 
core  t e m p e r a t u r e  re la t ive  to the block t e m p e r a t u r e .  Fo r  these  m e a s u r e m e n t s  we used an R-345 po ten t iometer  
and a 51-SD t i m e r ,  and for  crea t ion  and m e a s u r e m e n t  of the p r e s s u r e  we used an MP-2500 loaded-pis ton gauge 
and a set  of s tandard  gauges .  In the calculat ion of the t h e r m a l  conductivity we introduced all the co r rec t ions  
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